In modern industry, many products are manufactured in environments under strict control, such as clean rooms and dry rooms, to ensure the quality of the product. In these environments, the physical conditions controlled by engineering measures may include dust, pressure, temperature, humidity, illumination, and airflow. In a clean room environment, the relative humidity (RH) is generally controlled under 40 to 55%. In certain special industries, such as lithium battery manufacturing and the pharmaceutical industry, some manufacturing processes must be performed under extremely low humidity to avoid the interference of moisture in the air, and the RH of these working environments is usually controlled under less than 10%, or even less than 3%. Working in these ultra-low humidity environments, workers may have excess body water loss through skin evaporation, and staying in such environments for a long period of time may lead to dehydration and even cause diseases such as xerotic eczema 1) . In healthy adults, water constitutes about 60% of the body weight, and it may be lost through renal excretion, skin evaporation, breath exhalation, and bowel defecation 2) . In a low humidity environment, water is easily evaporated from the skin surface due to the humidity gradient. Working in such an environment, workers may have excessive skin water evaporation, which may lead to dehydration. The common symptoms of dehydration include thirst, itchy skin, and dryness and discomfort of the eye, skin, and nasal mucosa. In a previous study, workers working in ultra-low humidity environments reported more dry skin symptoms, atopic dermatitis, and eye symptoms, but no objective measurement was made 3) . A study on regular clean room workers also found a higher prevalence of eye symptoms among these workers 4) , and therefore some of the symptoms observed among workers in the previous study on ultra-low humidity environments might not have been due to excess water loss alone.
Mild dehydration is usually asymptomatic, while sufficient water intake is an important factor in keeping the human body healthy. To keep the working environment under strictly controlled conditions, clean room workers need to put on special clothing (paper cap, paper mask, long-sleeve clothes, latex gloves, shoe covers or special working shoes, etc.) and go through certain cleaning procedures before entry. Because these processes are troublesome, some workers may limit their water intake in order to decrease the frequency of going to the bathroom, which is a risk factor of dehydration 5) . Consequently, clean room workers working in low humidity environments are at risk of developing dehydration. Therefore, it is important to identify low humidity environment workers with subclinical dehydration, so that they can benefit from sufficient water intake.
There are many known indices for evaluating the hydration status of humans, and plasma osmolality, urine osmolality, and urine specific gravity (USG) are the most widely used markers 3) . Among them, USG gravity is a common item in routine health examinations and is as good an indicator of hydration status as plasma or urine osmolality when a quick estimate of hydration is necessary 3) . We conducted a study to evaluate the feasibility of applying the USG to routine health screening to identify cases with abnormally concentrated urine among ultra-low humidity environment workers and to identify the associated risk factors.
Methods
We recruited participants from workers at a lithium battery plant in southern Taiwan during their annual health examination between February 1, 2001 and February 28, 2001 . In the dry rooms of the plant, in which the electrode manufacturing process takes place, the RH is maintained at 1.5 ± 1.0%, and the temperature is controlled between 21 and 24°C. In the remaining indoor working areas, the RH is maintained at 60 ± 15%, and the temperature is controlled between 22 and 28°C. We confirmed the RH in each working area by a mirror surface condensation dew point inductor (chilled mirror dew point sensor; Model Hygro-M4, General Eastern, USA). This method has been approved by the National Institute of Standards and Technology, USA. The annual average outdoor RH in the region where the plant is located is generally around 80% 6) . We categorized workers working in the dry rooms as the "exposure group" and used the remaining workers, including administration office workers, as the "comparison group." Whereas some members of the comparison group may go into the dry rooms occasionally, they do not stay there for long periods of time. The protective clothes and working schedule of the exposure group were the same as the comparison group, and there were no restrictions on water intake or taking breaks. Workers who had renal diseases or diabetes and who were found to have glucosuria and proteinuria during the health examination were excluded from the study.
From each participant, we collected the first fresh voiding urine in the morning and analyzed the urine sample within 2 h. The items of the urine analysis included the automated multiple reagent strip test and a microscopic examination. The USG was measured by the reagent strip test, and the results were read using a CLINITEK-200 urine chemistry analyzer (Model-5417C, Bayer, U.S.A.). In addition, a self-administered questionnaire was given to each participant, which collected personal medical history, working history, subjective symptoms, and family medical history.
We compared the prevalence of abnormally concentrated urine, defined as USG>1.030 according to the criteria set up by Casa et al. (2000) 7) , and related factors between the two groups of participants. We analyzed the data using SPSS Version 10.0 software. The differences in gender and prevalence of abnormally concentrated urine were evaluated by the χ 2 test, and the differences in age, employment duration, and body surface area ( 8) ) were evaluated by Student's t test. In addition, we applied univariate logistic regressions followed by multiple logistic regressions to identify factors associated with having abnormally concentrated urine. In the multiple logistic regression analyses, we first included all potential predictor variables (gender, age, employment duration, body surface area, and exposure status) to construct a "full model" and then applied the backward stepwise procedure to construct the "final model." We performed all statistical tests at the two-tailed significance level of 0.05.
Results
All the 181 workers who participated in the health examination agreed to participate in the study, but 9 workers who were found to have proteinuria or glucosuria were excluded from the analyses. We categorized the 50 workers working in the dry rooms as the exposure group and the other 122 workers working in other areas as the comparison group. The exposure group had a shorter average employment duration (1.2 vs. 1.5 yr, p<0.01) and a higher proportion of men (98.0% vs. 78.3%, p<0.01) than the comparison group (Table 1) . Amongst the two groups of workers, we found 17 had abnormally concentrated urine, and the prevalence was higher in the exposure group (24.0% vs. 4.1%, p<0.01).
When we compared workers with abnormally concentrated urine to the other workers, we found they were younger (27.9 vs. 31.6 yr, p=0.03) and had a shorter employment duration (1.0 vs. 1.5 yr, p <0.01) ( Table 2 ).
The differences in gender and BSA were not statistically significant. In addition, we found a higher proportion of workers with abnormally concentrated urine were in the exposure group (70.6% vs. 29.4%, p<0.01) ( Table 2) . Using univariate regression analyses, we found age, employment duration, BSA, and being in the exposure group were significant predictors of having abnormally concentrated urine (Table 3) . Through multiple logistic regression models, we found that after adjusting for age, gender, employment duration, and BSA, the exposure group had a higher risk of having abnormally concentrated urine with an adjusted odds ratio (AOR) of 11.9 (95% confidence interval [CI]=2.5 to 56.9) ( Table 3 ). The final model included gender, employment duration, and exposure status, and we found the exposure to ultra-low humidity working environment was associated with an AOR of 12.6 (95% CI=2.6 to 59.8) for having abnormally concentrated urine. 
Discussion
In the current study, we applied an objective measurement, USG, to demonstrate that working in an ultra-low humidity environment may lead to abnormally concentrated urine and found that the prevalence in the exposed workers was up to 24.0%. The major contents of urine are urea, chloride, sodium, potassium, phosphate, uric acid, sulfate, and water 9) . Through regulating body water and electrolytes by the kidney, the human body can maintain the homeostasis of osmotic pressure. When the body becomes dehydrated, urine will be concentrated and present with dark color, high urine osmolality, and high USG 10) . In addition to USG, the change in the body weight, urinary osmolality, plasma osmolality, hormone concentrations in the blood, heart rate, blood pressure, skin-fold thickness, and clinical symptoms such as perception of thirst are indices that can be used to assess the hydration status 11, 12) . Among them, the most widely used are urinary indices, including USG, osmolality and color 2, 13) , and they have many advantages. For example, compared to blood indices, the tests are not invasive; compared to anthropometric indices, changes in the USG are more easily detected (more sensitive); compared to hemodynamic indices, they are more stable (reliable); and compared to clinical symptoms, these indices can identify a less severe or even subclinical dehydration status. Amongst the urine indices, USG is more often included in routine health check-ups than osmolality, and in comparison with the color of urine, USG is more objective and thus more easily quantified. Therefore, it is more feasible to apply the USG to screen workers with excess water loss in routine health check-ups. Furthermore, Casa et al. 7) found a good correlation between USG and changes in body weight, another important index of excess water loss.
USG can be obtained by three different methods using dipsticks: refractometry, automatic readout, and observation by human eyes. Whereas refractometry is the most precise, it requires more sophisticated equipment. Visualization of colors is not objective, and the results are hard to quantify. Therefore, automatic dipstick readout is more feasible for mass screenings and has been widely applied in both clinical and community settings [14] [15] [16] [17] [18] [19] [20] [21] . While USG correlates well with other indices of dehydration 2, 7) , may disturb its measurement, big molecules in urine, such as glucose, protein, and contrast medium 22) which can lead to extra high values. For example, in patients with renal diseases presenting with proteinuria, USG will increase 0.003 for an increase in urine protein of 10 g/L, and in patients with diabetes, USG will increase 0.002 for an increase in urine glucose of 10 g/L 19) . Therefore, USG is not suitable for evaluating the hydration status of patients with marked renal diseases 9, 23) and diabetes mellitus 24, 25) . In the current study, nine workers who were found to have proteinuria or glucosuria were excluded from the analyses.
In the current study, we used USG > 1.030 as a biomarker to identify participants with abnormally concentrated urine and found it feasible to apply USG to mass screening for excess water loss. The cut-off was chosen on the basis of the criteria set up by Casa et al. 7) Because the results were read by a machine and the examiner did not know the exposure status of each participant, the possibility of misclassification bias is very small. In fact, we also found five participants with abnormally concentrated urine in the comparison group (prevalence=4.1%). It should be noted that although the comparison group did not work in the dry rooms on a routine basis, the RH in their working areas is maintained at 60 ± 15%, which is still lower than the outdoor RHaround 80% 6) . Therefore, it is reasonable to speculate that excess water loss may also be a problem for other clean room workers living in humid environments (such as southern Taiwan) even though they are not working in ultra-low humidity environments. Excess water loss may also be a concern in other non-manufacturing work environments with low humidity, such as aircraft cabins and air-conditioned offices 26) . The plant which was the subject of our study is newly constructed, and most workers had less than two years of employment. Therefore, not too many workers were affected by excess water loss, and we can implement interventions to improve their conditions. As a result of this study, we made the following suggestions to the administration department of the plant: (1) increase the frequency of breaks, such as 20 min for each 2 h, (2) encourage water intake during the breaks, (3) change the work clothing to those made of non-breathable materials to reduce the water loss, (4) provide skin lotion recommended by a dermatologist in the workplace, and (5) perform follow up USG tests.
With the advancement of technology, more and more workers work in strictly controlled environments. However, the yield and quality of products are usually the major concerns in setting the physical conditions of these environments, which are not necessarily compatible to the comfort, or even health, of human beings. While there is a desire to maintain the work environment under conditions that are not optimal to humans, proper protection and adequate education should be implemented to ensure the health and comfort of workers.
Because we targeted a biomarker that can be used in conjunction with routine health examinations, we used the first void of urine in the morning. This may not be optimal for assessing the hydration status related to the work environment because the time lag from work to sampling is long and thus subject to interference by other factors such as drinking after the work shift. The associated limitations can be overcome by an experimental design that sets up a fixed duration of exposure, the time to take water, and the time to take urine samples. Nonetheless, because the conditions related to sampling, which included an over-night lag, were the same in the exposure and comparison groups, we were still able to detect a difference in the prevalence of abnormal USG between the two groups. In addition, we believe the fact that many of the study participants with mild dehydration had no symptoms, and thus would not have increased their water intake remarkably, would have minimized the variability in water intake and allowed us to detect the difference. Because of the lack of proper comparison populations, we were unable to determine whether the excess evaporation of water through the skin or the lack of water intake was the major cause leading to dehydration of the workers. Nonetheless, our study found that USG is a good biomarker for evaluating the hydration status of workers working in ultra-low humidity environments and a potential tool for screening dehydration in conjunction with routine health examinations.
